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Fipal Report - Contragt Nonr-1163(00)
Fibrication of Four Teat Discs

FUREQSE:

The purpose ¢f the work suocessfully completed under this contract wes

t{ the fabrication of four spin test discs of titenium carbide compositions for

; test at the Boeing Airplene Company. Kennamctal was required to give the bane~

21t of its experience with design, fabrication and operation of small integral

N impellers to asnist in the dasign of suitable tast specimens, It was also neces-
s sary, based on the physical properties of warious titanium carbide compositions }

) and test experience with them, tc recommend propar materiale from which to Lfabii~

: cate the specimans to withstarnd the conditions contemplated by Boelng im their

test progrem. IFinilly, the four specimens had tc be fabricated through sil steps

“ 3 from the rav materialsc by powder metallurgy procsessns and finish ground to acou-
‘. rats dimsnsions.

HORK_PERFORMED:

.. One of Konnametal's engineers visited the Boeing Airplane Company at the
- begimning of the contract and discussed with them our experience in the design
£ _ and test operation of fastenings for attachment of titanium carbide compomition
' ( integral disas ‘o the ghaft in such a way as to minimise siress consemtraticzs.
This involves the aveidance of holes and threaded connectiions by provision of a
= hub on the face of the diss which hub is gripped preferably externmally to put
Y the carbide insofer as porsible in compression. A centering boss ie required to
g H keep the disc oonceniric with the shaft. Based on these prinoiples, the genersl
. o cutline of the attachment and assenily was agreed upon during the confersnce.

Boeing subssquently complsted the details of the designs which are shown in draw-
ing Mo, JM=539.
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The cholice of matsrial had next to be mede to meat the test conditions
prescribed by Boeing. Two conditicns are eventually to be mst.
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1. Hot spin at 36,000 rpm for 100 hours at 1350°F blede
F | tip temperature, ‘

2, Bot spin at 36,000 rpm for 100 hours at 1650°F blade
tip temperature,

4

+

The compositions recommended for considsration together with their propertica
; : ere listed in Table I. These ars all nickel boaded compositions. In addition
4 to the properties listed, the experience of turbine testing was taksn into
acocunt. It was concluded that the minimum bindsi content of 40 percent would
ba raculrsd to insure sufficient toughness in tha center portion of the disc

and would at the same time retain sufficient high temperaiurs strength for the
. vim and bladec,
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Since Kennsastal had available a process for weiding together two differ-
ent titanium carbide compositicns, 4t wes 2lao proposed that somposite specimens
be made having the 30 psroent binder materizl in the blades an? rim saution to
provide even hetter resistance to stress at high temperatures and higher binder,
tougher material in the center. Two composite specimsns were proposed as skown
in drawing J¥-501. Both of thess spooified K152B in ihe blades and rin. Item 2
has ¥153B in the ocenter seotion and Item 3 has X154B,

The compositions end designs recommepded were approved and fabrication
undsrteken. This vas by Kemnamstal‘®s standard proscdure for titenium carbide
compopitions. The ball milled powders ware packed in rubber enveiopez shaped
epproximately to the oversll shape of the finished specizens and hyirostatloally
pressed using the lerge "explosive" pressing chamber. Pressure was approximtely
35,000 pai in all cases. The pressed "slugs" vere then trued up by grinding and
machining and were then presintared. Thereafter, the mashining of most of the
final dotail was oarried out allowing, of courae, for shrinkage during fins) sin-

and stock for final grinding. In the casc of ih scuposite specimens, the

and rim sections were each made separately. Sintering of all parts was
carried out in vacuum with the parte supported on suitably shaped graphita supports.

After sintering; the mating gzurfacss of the parts of the composiia gpeci-
mena had to bu accurately ground to match Dy oylindricel grinding. The parts were
then assembled with a .002 thick nickel shim inserted sompletely arourd between
them: Thay were then reheated in the vacuum furnace. Excallent joints wers ob-
tained as evidenaed by visucl and penetrant inspeotion. Previcus work had shown
that these joints are strong and can barely be detected metallographically since
the nicksl diffuses into the adjoining arsas.

Tha final work consisted in grinding the specimens all over (except on the
blade faces and fillets) to final dimensions. Since we had not previously made
discs of this sise and configuration, minor difficulties with sirinkage allcwance .
wvere encountered which necessitated small deviations from e few drawing dimensions,
These were accsptable to Boeing for their test work. Baged on the prezent exveri-
ence, no {lfficulty should be expsrienced in the future.

cation of these specimens. No pleces were lost and none had to be rejected. The
lagt two specimens were shipped o Boeing Alxpisne Company on February 19, 1954.
Two viewn ol tho first rotor shipped are chown in photographs 2147A and 2.47B.

May 19, 1954

t i o
'J?ﬁ! Ced "

D i b

et 6 i o e i M o et et e s A

s

S T T

P




ir

»

e g BB e O e S — : L T i oo St

S e
]
Y ops
b% oy ) m& na&w
E ] - a

et ) N. 1 ] [}
— — 000°6TT — z°9 - n00’000°TY  000°SEC
005°S  000°9T  000°TTT — 3°¢ 000°000°TY  000°98T
000  005%T  000°0CT 99.0° £°S 000°000°LY  co0‘O2
-~ TE" T “Naifoo/ 180 Q0L X b | - g
mivemg  ARTATIONPUOD do/°uy/cuy  RyomesTH
- L Jqi L M TonIoT] gmﬂﬂmaﬁ 30 suyupsd Jo Snynpoq
©J71 anoH 00T JO UNFOTIIe0D
T FEvL
I-.\ S

8°C8

0°$8

Y79

€°9

0°9

ST &

0§ €7
oY gesT
of

s

SR WG wpE oy T
emqdny  eveupIey A3ySueq 3IUNIUOY EPRID

Iy




|

TWICE - S\ &

SN M ﬂ For.
BCADES € WHEER
EXCEPT . AS Snowwnl

; : DL_‘T :.;__ #ﬁ ;_ﬁnh A LG e
ey o L‘. i —

el 8-Hosde, [ |
R _ / TRUE RATIOL 20R |
2.90a0% \ PSRRI . i . S R i
— T ; / CHAMFE R  \rw P..U. : ./( - __ ; W
: RS ER{ 993V S ke AN e
.__ , i //, 4 R L‘/I
cogens N Ei o R
e e L e ] 1.-..“Hm| S T O»Mu?@\mvo // \ J__ il e —_
\ HEan _H 1 Gl =g W : b i ] \
S\ M oSG B [ e g BENGACEE o . [ s 20R.
- g e u 55 -V\ ( _ ; /
: B e I ek - 3
L == > el e . i ]
et L o Anm_ o A lt e ﬁ A P .
s _ . D_ = j i m e oz ...._q_
kodlo : > [ i SR L T R GBI T o =
ph st s i P VAR RS T T o e | — el . 5
— o esidl | e . | e !
— A ; 0,0 [ Jest i [ sy o0 o
e .m._h.h\.r) il \*\ i I .”. \a._ o dic
i i . I £ f . _“M,IYJ,_ _ / ..3.&:
OULE OV . SLILALC 1_1 R ey " / .
CHANNFER, A ol \ i / 5 .~ <
. IW'UII — — 4 _ .
AlTe AT |
; D Nakavitiing :
/ ¢ .._, i
% R Cla _ &
m‘ \\.. | M [ lusw.w. = i m i
ANGBART , MORWTER A ik T ReSH ~
b- PLACES T R g PR BACAWLING \ i .
I_..._._.".f.mwnifn.. WIRS PER w / “ , _
I| &aac soin ___ \ nze e
: ] |
] L..\ur‘ ..‘ _ St = SO S o Ny RO LN TR
\ \\\\ i _ j _
l_nfl—mv Vm SV NN — x _ | __
MUTT BE OONCENSTR L 2 F@%ml |
), DR y RS i
WHEEL. BTTRCHMENT Sl - PRion 3 .\\ H |
AOSEMMBLY | L AL
e e 3 | \\ _n! !
o !
l.\ U e o 2 GO |G Tl o
T SLUFAQE H.\ i
MUST BE WORLMAL o | :
WW GROOIVE WITHIN ,00% T \.&.,
, . SeCEreNg LI = A
ScacE a FLL e
13 .«W.\_ b oy
I . o Y & " . = e i - Ao
O AWM ALBANE RS n.o!!a:.oc..vc....vr o R i : ) B




. ” el
: 05 R . 025 g
- B P Ve
HE !* 062 ST. r.mo.w | o110 :
= dny
sk *
Bl iy *‘ -
m, O-l p
TWICE - S\ & wv.?n
— 55 BLADES EQULALLY
sxM € For. SPACED WITHING . S
BLADES & WHEEBC,
EACEPT A Stowwl : i OB L
Q _ el O £ Y et \W_ =
BT o T \ =
ﬂ __ _ , et \
-~ __ ! { m \ )
S8 | ¥
_ _ !
A Fel | ¢ | _ |
[ | . _ ./
by t \ ] _. \
(\_ | _20R | |
/| " \ w \
_..» WJ__ bR BV ; , F'd .
”u ; i ull i P : m. 4 - \U. ;
B . __ L a 4 oA Pl 2 M 4 - .
; _ foja < 9 2 S \ ; i |
| \*..I .~ = 2 B AHQ,_ O,.O_ _ .
__ - 7 o) =~ C o~
_..u.lq/ ,...|:/ V.DWS. t < i | ;
jl \4\\\\ ,_..f “ ‘.‘l rn..g .dw M..“. D i \
fials i | el
TRed | | KE .
| i t i ! N> M- A 5 i
\ ; \ ! L ine, )
i 4 |
ST LS S
R i _
1ah | |
o8 R B
Ly’ — &.“ -
L ?!ﬁlw N! _ A'\\m _ :
[l ) e A% I: Ixnal-
\L\‘ _ i
[ = il “ _
,* ' m
! [ |
A {665 ||
AT |
3t |1 S i
4 A B ..\ryl.
A ST
83l i 2. ceek B s ardins
REF. DWG, BOEIWNG AMRPILNGS O,
. S-906%52. % 9-20653
secTion A A TOLERANCES
o ANGLES = 1° UNLESS
FRACTIONS = 010~ SPECIFIED
3 PLACE DECIMALS & ,005” |\ OTHERWISE -
KENNAMETAL INC.
l.ATROBE, PA.
Customer’s Name
TORBINE wWHEEC.
: SPIN. ST LRPECINE
et CresT Srany Y
Cust. Dewg. No. Cust, Part No,
) Dats § - 19-54| DWG. No. E
M o P IM= 533
e i o, T P s PR ja37-ane




i R TR
I .
;)
!
l | ,
=N
e
B ey /
B e
' sy
/L“\"--i. \\
C A 2 l
; iz s
/l e d SSUER
B i 3 . 2.2 105 :
A i | o ol
i l 0 l/ S t : S ‘\f) ' KE"\ AMFTAL
O‘ | - / : 13 i/ i o~ i 3 IN
3 = I 072 / 0,
5 b e H
e e / | |
\\ 7 s ;1
i : { . i
| | r [ \\ .
| g e -——————\00 - — - 3 y it i ( AN
: | o s ; i REF. DWa. (BOEING 1-90652)
i , :
V P .
} "TOLERANCES
LiEiie ANGLES =+ 1° ; UNLESS
=N FRACTIONS 2 .010” ‘ SPECIFIED
KiS2 . B iz ol 3 PLACE DECIMALS < .005~ 'y OTHERWISE
s KENNAMETAL INC.
: \‘ | LATROBE, PA.
il Customer’s Name
f . CON\POS\‘R: TURE'LNC
: . \N\-\b..g.\... i
i E —_— —_ v g Ea :
I TEM RTINS Gwn.Dwz.No.s Gust.PartNo.{«., ‘
Atk ot TR
o o o S Doty 6{*24153 DWE. ﬁa. ~
_ Dum.by RAE
. S T Jl‘»g Sva‘%O \
= 47 Y




o

K153B Spin Test Specimen
Contract NOnr-1163(oo) 2147-A




K153B Spin Test Specimen
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